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1
DOWNHOLE SLOT CUTTER

FIELD OF DISCLOSURE

The present disclosure relates generally to the field of well
drilling operations. More specifically, embodiments of the
present disclosure relate to a slot cutter for use with down-
hole components in a down-hole environment.

BACKGROUND

In conventional oil and gas operations, a well is typically
drilled to a desired depth with a drill string, which includes
drill pipe and a drilling bottom hole assembly (BHA). Once
the desired depth is reached, the drill string is removed from
the hole and casing is run into the vacant hole. In some
conventional operations, the casing may be installed as part of
the drilling process. A technique that involves running casing
at the same time the well is being drilled may be referred to as
“casing-while-drilling.”

Casing may be defined as pipe or tubular that is placed in a
well to prevent the well from caving in, to contain fluids, and
to assist with efficient extraction of product. When the casing
is properly positioned within a hole or well, the casing is
typically cemented in place by pumping cement through the
casing and into an annulus formed between the casing and the
hole (e.g., a wellbore or parent casing). Once a casing string
has been positioned and cemented in place or installed, the
process may be repeated via the now installed casing string.
For example, the well may be drilled further by passing a
drilling BHA through the installed casing string and drilling.
Further, additional casing strings may be subsequently passed
through the installed casing string (during or after drilling) for
installation. Indeed, numerous levels of casing may be
employed in a well. For example, once a first string of casing
is in place, the well may be drilled further and another string
of casing (an inner string of casing) with an outside diameter
that is accommodated by the inside diameter of the previously
installed casing may be run through the existing casing. Addi-
tional strings of casing may be added in this manner such that
numerous concentric strings of casing are positioned in the
well, and such that each inner string of casing extends deeper
than the previously installed casing or parent casing string.

Liner may also be employed in some drilling operations.
Liner may be defined as a string of pipe or tubular that is used
to case open hole below existing casing. Casing is generally
considered to extend all the way back to a wellhead assembly
at the surface. In contrast, a liner merely extends a certain
distance (e.g., 30 meters) into the previously installed casing
or parent casing string. The liner is typically secured to the
parent casing string by a liner hanger that is coupled to the
liner and engages with the interior of the upper casing or liner.
Itshould be noted that, in some operations, a liner may extend
from a previously installed liner or parent liner. Further, as
with casing, a liner may be cemented into the well (e.g., over
a desired interval). In other applications, the liner may not be
cemented into the well.

In certain applications, slots may be formed in a tubular
(e.g., casing or liner) before the tubular is run downhole (e.g.,
at the surface). For example, the slots may be formed in the
tubular using rotary saws or other cutting tools. As will be
appreciated, slotted tubulars may be used in applications
where “heavy oil” (e.g., oil containing sand or other sedi-
ments) is extracted from a well formation, as well as other
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applications. It is now recognized that it may be beneficial to
form slots in a tubular after the tubular is run downhole into
the wellbore.

BRIEF DESCRIPTION

In a first embodiment, a system includes a downhole slot
cutter, a housing of the downhole slot cutter configured to be
inserted into a tubular positioned within a wellbore, and a
plurality of dies supported by the housing, wherein the plu-
rality of dies is configured to extend radially outward from the
housing.

In a second embodiment, a system includes a downhole
slot cutter, a housing ofthe downhole slot cutter configured to
be inserted into a tubular within a wellbore, a plurality of dies
supported by the housing, wherein the plurality of dies is
configured to extend radially outward from the housing, and
a mandrel configured to extend into the housing and behind
the plurality of dies, wherein the mandrel comprises a sloped
outer surface such that translation of the mandrel along a
central axis of the housing forces the plurality of dies radially
outward.

In a third embodiment, a method includes positioning a
tubular within a wellbore, positioning a slot cutter within the
tubular, translating a mandrel with respect to a housing of the
slot cutter, and forcing a plurality of dies radially outward
from the housing and into the tubular with the mandrel.

DRAWINGS

These and other features, aspects, and advantages of the
present disclosure will become better understood when the
following detailed description is read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 11is a schematic representation of a well being drilled,
in accordance with aspects of the present disclosure;

FIG. 2 is a schematic representation of a slot cutter within
a wellbore, in accordance with aspects of the present disclo-
sure;

FIG. 3 is a schematic side view of an embodiment of a slot
cutter, in accordance with aspects of the present disclosure;

FIG. 4 is a perspective view of an embodiment of a slot die,
in accordance with aspects of the present disclosure;

FIG. 5 is a perspective view of an embodiment of a slot
cutter having a plurality of slot dies supported by a housing,
in accordance with aspects of the present disclosure; and

FIG. 6 is a perspective view of an embodiment of a tubular
with slots formed therein, in accordance with aspects of the
present disclosure.

DETAILED DESCRIPTION

The present disclosure relates generally to the cutting of
slots in a down-hole component, such as a liner, when the
down-hole component is positioned within a wellbore. More
specifically, certain embodiments of the present disclosure
are directed to providing and using a slot cutter to cut slots in
tubular, such as casing, liners, and so forth when the tubular is
positioned downhole.

In one implementation of the present disclosure, a slot
cutter includes a body or housing (e.g., an annular body),
which may be disposed within the tubular, that supports a
plurality of dies configured to extend radially outward from
the body or housing. In operation, a mandrel may be driven
into a central opening of the body or housing, thereby forcing
the plurality of dies radially outward. As the plurality of dies
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extend radially outward, each die may contact and puncture
an inner surface of a casing, liner, or other tubular, thereby
creating a slot or other opening in the casing, liner, or other
tubular. In certain embodiments, the mandrel may be driven
into the housing or body by a hydraulic force generated by a
pump, a hydraulic pressure intensifier, a hydraulic cylinder,
or a combination thereof.

After the slots are formed in the tubular, the force (e.g.,
pressure) actuating the mandrel may be released, thereby
enabling the dies to retract into the body or housing. There-
after, the slot cutter may be re-positioned in another location
for slot cutting within the wellbore or may be removed from
the wellbore. In this manner, slots or openings may be formed
in a casing, liner, or other tubular after the casing, liner, or
other tubular is positioned and landed in a wellbore. For
example, embodiments of the present disclosure may enable
optimization of slot cutting, production enhancement,
improved tubular strength, and/or avoidance of undesirable
slot locations within the wellbore. Furthermore, the disclosed
embodiments may be used for well servicing applications,
“re-slotting” existing liners, casings, or tubular, remediating
plugged slots, and so forth.

Turning now to the drawings, FIG. 1 is a schematic repre-
sentation of'a well 10 including a tubular (e.g., casing or liner)
which may have slots cut therein after the tubular is disposed
within or down the well 10 in accordance the present embodi-
ments. In the illustrated embodiment, the well 10 includes a
derrick 12, wellhead equipment 14, and several levels of
casing 16 (e.g., pipe). For example, the well 10 includes a
conductor casing 18, a surface casing 20, and an intermediate
casing 22. In certain embodiments, the casing 16 may include
30 foot segments of oilfield pipe having a suitable diameter
(e.g., 13% inches) that are joined as the casing 16 is lowered
into a wellbore 24 of the well 10. As will be appreciated, in
other embodiments, the length and/or diameter of segments
of the casing 16 may be other lengths and/or diameters. The
casing 16 is configured to isolate and/or protect the wellbore
24 from the surrounding subterranean environment. For
example, the casing 16 may isolate the interior of the wellbore
24 from fresh water, salt water, or other minerals surrounding
the wellbore 24.

The casing 16 may be lowered into the wellbore 24 with a
running tool. As shown, once each level of casing 16 is low-
ered into the wellbore 24 of the well, the casing 16 is secured
or cemented in place with cement 26. For example, the
cement 26 may be pumped into the wellbore 24 after each
level of casing 16 is landed in place within the wellbore 24.
Furthermore, the well 10 may include a liner 28 disposed
within the wellbore 24 and the casing 16 (e.g., the interme-
diate casing 22) and held in place by cement 26. Specifically,
the liner 28 may be hung from the casing 16 (e.g., the inter-
mediate casing 22) within the wellbore 24. With the levels of
casing 16 and the liner 28 in place, a slot cutter (e.g., slot
cutter 100 shown in FIG. 2) may be run into the wellbore 24
(e.g., using a drill pipe 30) and used to form slots 150 in the
casing 16 or liner 28, as described in detail below.

After slots are formed in the casing 16 or liner 28, the drill
pipe 30 and a drilling BHA 32 may be reintroduced or con-
tinue into the wellbore 24 for operation. For example, the drill
pipe 30 and the drilling BHA 32 may complete a drilling
process within the wellbore 24. In certain embodiments, the
drilling BHA 32 may include a variety of tools that are used to
complete the drilling process. In the illustrated embodiment,
the BHA 32 includes a liner shoe 34 at the bottom of a liner
string 36. Additionally, the BHA 32 includes a drill bit 38 and
an under reamer 40. Specifically, in the illustrated embodi-
ment, the drill bit 38 and the under reamer 40 of the drilling
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BHA 32 extend out from the liner string 36. Thus, the drilling
BHA 32 is positioned to initiate and guide the drilling pro-
cess.

The liner string 36 further includes a shoe track 42, a string
of tubing 44, and a liner top assembly 46. The shoe track 42
defines the bottom of the liner string 36 and includes the liner
shoe 34 to facilitate guiding the liner string 36 through the
wellbore. In the illustrated embodiment, the shoe track 42
also includes an indicator landing sub 48 to facilitate proper
engagement with the drilling BHA 32, and various other
features, such as a pump down displacement plug (PDDP).
The string of tubing 44 is essentially the main body of the
liner string 36 that connects the shoe track 42 with the liner
top assembly 46. The liner top assembly 46, which defines the
top of the liner string 36, includes a liner hanger 49 that is
capable of being activated and/or deactivated by a liner
hanger control tool 52. The liner top assembly 46 may also
include a liner drill lock section 54, which includes a liner
drill lock that facilitates engagement/disengagement of the
drill string 30 from the liner string 36. The liner drill lock may
be actuated by external or internal components affixed to or
partofabody ofthe liner hanger 49. As shown, the liner string
36 further includes centralizing elements 56, which generally
keep tubular elements centered within the wellbore 24 when
deployed and operated (e.g., rotated).

FIG. 2 is a schematic illustrating a slot cutter 100 posi-
tioned within the liner 28 landed in the wellbore 24. As
mentioned above, the slot cutter 100 is configured to form
slots in a tubular, such as the casing 16, liner 28, or other
tubular positioned within the wellbore 24. In the illustrated
embodiment, the slot cutter 100 has a main body 102, which
supports a plurality of dies 104. In certain embodiments, the
main body 102 may be an annular or cylindrical housing. The
plurality of dies 104 extends radially outward from a central
axis 106 of the slot cutter 100. In this manner, the plurality of
dies 104 may contact an inner surface 108 of the liner 28 when
the plurality of dies 104 are forced radially outward during
operation of the slot cutter 100.

The slot cutter 100 is positioned within the liner 28 using
the drill pipe 30. However, in other embodiments, the slot
cutter 100 may be positioned using coiled tubing or other
tools. During operation, the plurality of dies 104 may be
forced radially outward by a mandrel 110. The mandrel 110
may include a surface (e.g., an angled surface) that is config-
ured to act on the main body 102 and/or the plurality of dies
104. For example, the mandrel 110 may be a frustum. In
operation, the mandrel 110 may be displaced axially, e.g., in
a direction 112, by a hydraulic force generated by a pump
located at the surface of the well 10. For example, the pump
may use mud, cement, or other well servicing fluid as the
working fluid. The working fluid may be supplied to ahydrau-
lic pressure intensifier 114 within the wellbore 24, which
subsequently feeds a high hydraulic pressure to a hydraulic
cylinder 116 that displaces the mandrel 110 in the direction
112. In other embodiments, the mandrel 110 and/or the dies
104 may be actuated mechanically. For example, the inner
diameter (e.g., inner surface 108) of the liner 28 (or casing)
may be gripped and pulled with draw works of the derrick 12,
which may be connected to the mandrel 110 and/or slot cutter
100 (e.g., dies 104) by the drill pipe 30. In other embodi-
ments, a combination of hydraulic and mechanical mecha-
nisms may be used to actuate the mandrel 110 and/or force the
dies 104 radially outward. As the mandrel 110 is displaced in
the direction 112, the mandrel 110 forces the plurality of dies
104 radially outward, in the manner described below.

Furthermore, as the plurality of dies 104 is forced radially
outward by the mandrel 110, die guides 118 of each of the
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plurality of dies 104 help keep the plurality of dies 104 level
with respect to the mandrel 110 as the dies 104 move radially
outward. Specifically, each of the dies 104 and its die guides
118 are supported in a respective opening (e.g., opening 200
shown in FIG. 5) ofthe main body 102. As the dies 104 extend
radially outward, a cutting portion or blade (e.g., cutting
portion 158 shown in FIG. 4) of each die 104 contacts and
pierces the inner surface 108 of the liner 28, thereby forming
a slot in the liner 28.

FIG. 3 is a partial schematic side view of an embodiment of
the slot cutter 100, illustrating one of the dies 104 forming a
slot 150 in the liner 28. As mentioned above, the mandrel 110
of the slot cutter 100 is axially displaced by hydraulic pres-
sure, which may be generated by a pump, the hydraulic pres-
sure intensifier 114, the hydraulic cylinder 116, or a combi-
nation thereof. As the mandrel 110 is axially displaced in the
direction 112, the mandrel 110 forces the die 104 radially
outward. In particular, the mandrel 110 has an angled surface
152, which facilitates the radial movement of the die 104. In
the illustrated embodiment, the angled surface 152 of the
mandrel 110 forms an angle 154 relative to the central axis
106 of the main body 102 of the slot cutter 100. In certain
embodiments, a rear surface 156 of the die 104 may also be
angled, such that the rear surface 156 of the die 104 and the
mandrel 110 substantially completely abut one another.

As the mandrel 110 is displaced in the direction 112 and
causes the die 104 to move radially outward, a cutting portion
158 (e.g., a blade) ofthe die 104 contacts and pierces the inner
surface 108 ofthe liner 28, thereby forming the slot 150. More
specifically, the cutting portion 158 (e.g., blade) of the die 104
perforates a piece or “slice” 160 of the liner 28 to form the slot
150. In this manner, an opening (e.g., opening 220 shown in
FIG. 6) is created between an interior of the liner 28 and an
exterior of the liner 28 enabling sand or other sediments and
materials to be filtered out from a production fluid being
pumped from the well 10.

After the slot 150 is formed, the hydraulic pressure used to
displace the mandrel 110 may be released. As the hydraulic
pressure is released, the mandrel 110 may be displaced in a
direction 162, thereby allowing the die 104 to retract (e.g.,
radially inward) back into the main body 102 of the slot cutter
100. For example, the dies 104 may retract due to formation
pressure within the well 10. Additionally, the slot cutter 100
may include other mechanisms to enable retraction of the dies
104, such as springs or other biasing mechanisms. With the
hydraulic pressure released, the slot cutter 100 may then be
relocated within the liner 28 and wellbore 24 by the drill pipe
30 to create more slots 150 in other portions of the liner 28, or
the slot cutter 100 may be removed from the wellbore 24.

FIG. 41is a perspective view of an embodiment of one ofthe
dies 104 that may be supported by the main body 102 of the
slot cutter 100. In the illustrated embodiment, the die 104 has
amain portion 180 that is housed within the main body 102 of
the slot cutter 100. Additionally, the die guides 118 of the die
104 extend laterally from the main portion 180. The cutting
portion 158 (e.g., blade) also extends laterally from the main
portion 180. Specifically, as mentioned above, the cutting
portion 158 extends laterally from an outer-facing surface
182 of the die 104. In other words, the outer-facing surface
182 faces radially outward when the die 104 is positioned
within the main body 102.

Moreover, while the illustrated embodiment shows the cut-
ting portion 158 (e.g., blade) having an arcuate or curved
shape, other embodiments may have other configurations or
shapes. For example, the cutting portion 158 may be triangu-
lar, polygonal, or other shape suitable for piercing the liner 28
to form the slot 150. Additionally, other configurations may
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include two or more cutting portions 158 extending from the
main portion 180 and/or other numbers of die guides 118
extending from the main portion 180.

FIG. 5 is a perspective view of an embodiment of the slot
cutter 100 in a partially actuated stage of operation. As
described above, the plurality of dies 104 extends radially
outward from the main body 102 of the slot cutter 100. Spe-
cifically, each die 104 extends radially outward through a
respective opening 200 formed in the main body 102 of the
slot cutter 100. In the illustrated embodiments, the openings
200 and respective dies 104 are spaced substantially equidis-
tantly about a circumference 202 of the main body 102.
However, in other embodiments, the openings 200 and dies
104 may be spaced in a staggered, offset, tiered, or other
arrangement. Furthermore, the illustrated dies 104 are ori-
ented vertically relative to the central axis 106 of the main
body 102, however, in other embodiments the dies 104 may
have a horizontal or angled orientation. In yet other embodi-
ments, the orientation of the dies 104 (e.g., cutting portions
158) may vary. That is, some dies 104 may have a first orien-
tation (e.g., vertical), other dies 104 may have a second ori-
entation (e.g., horizontal), and so forth.

As described above, the slot cutter 100 is operated by
axially displacing the mandrel 110 within the main body 102
of the slot cutter 100, thereby driving the dies 104 radially
outward. While the mandrel 110 is not shown in the illustrated
embodiment for clarity, arrow 204 illustrates the manner in
which the mandrel 110 is inserted into and translated within
the main body 102 of the slot cutter 100. Furthermore, while
the embodiments described above include the use of a pump,
the hydraulic intensifier 114, and/or the hydraulic cylinder
116, other embodiments may include the use of other systems
to facilitate the formation of the slots 150 in the liner 28 when
the liner 28 is positioned within the wellbore 24. For example,
certain embodiments may include an internal casing drive
tool or other tool configured to introduce localized stress
concentrations in the liner 28, thereby reducing the force
required to drive the dies 104.

FIG. 6 is a perspective view of the liner 28 having slots 150
formed therein by the slot cutter 100 shown in FIG. 5. As
described in detail above, the slots 150 are formed when the
dies 104 puncture the liner 28. More specifically, the dies 104
perforate the liner to form pieces or “slices” 160 of the slots
150. As a result, openings 220 are formed in the liner 28,
which enables the filtering of sand, sediments, or other par-
ticles from production fluid as production fluid is pumped
from the well 10.

As discussed in detail above, embodiments of the present
disclosure include the slot cutter 100 which is configured to
form slots 150 in a down-hole component, such as the liner
28, when the down-hole component is positioned within the
wellbore 24. The slot cutter 100 includes the main body 102
(e.g., an annular body), that supports the plurality of dies 104
that are configured to extend radially outward from the main
body 102. In operation, the mandrel 110 is driven into a
central opening of the main body 102, thereby forcing the
plurality of dies 104 radially outward. As the plurality of dies
104 extend radially outward, each die 104 contacts and per-
forates the inner surface 108 the liner 28 (or other tubular),
thereby creating the slot 150 in the liner 28. For example, the
mandrel 110 may be axially displaced in the main body 102
by a hydraulic force generated by a pump, the hydraulic
intensifier 114, the hydraulic cylinder 116, or a combination
thereof. After the slots 150 are formed in the liner 28 or other
tubular, the pressure may be released, thereby enabling the
dies 104 to retract into the main body 102. Thereafter, the slot
cutter 100 may be re-positioned in another location for slot
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cutting within the liner 28 or other tubular. Alternatively, the
slot cutter 100 may be removed from the wellbore 24. In this
manner, the slots 150 may be formed in the liner 28 after the
liner 28 is positioned within the wellbore 24. As a result, liner
28 strength may be improved, slot 150 location within the
wellbore 24 may be more accurate, down-hole liners 28 may
be re-slotted, and so forth.

While the present disclosure may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and
tables and have been described in detail herein. However, it
should be understood that the embodiments are not intended
to be limited to the particular forms disclosed. Rather, the
disclosure is to cover all modifications, equivalents, and alter-
natives falling within the spirit and scope of the disclosure as
defined by the following appended claims. Further, although
individual embodiments are discussed herein, the disclosure
is intended to cover all combinations of these embodiments.

The invention claimed is:

1. A system, comprising:

a downhole slot cutter;

a housing of the downhole slot cutter configured to be

inserted into a tubular positioned within a wellbore; and

a plurality of dies supported by the housing, wherein the

plurality of dies is configured to extend radially outward
from the housing, and each of the plurality of dies com-
prises a cutting portion having a smooth, semi-circular
outer radial surface and a substantially constant width,
wherein the substantially constant width is generally
perpendicular to a central axis of the downhole slot
cutter.

2. The system of claim 1, wherein the plurality of dies
comprises a plurality of arcuate disks.

3. The system of claim 1, wherein the plurality of dies is
spaced equidistantly about the housing.

4. The system of claim 1, wherein the housing is substan-
tially annular and is configured to receive a mandrel of a
downhole tool such that translation of the mandrel along the
central axis of the downhole slot cutter actuates the plurality
of dies.

5. The system of claim 4, comprising a hydraulic system
configured to actuate the mandrel.

6. The system of claim 5, wherein the hydraulic system
comprises a pump, a hydraulic intensifier, a hydraulic cylin-
der, or a combination thereof.

7. The system of claim 1, wherein each of the plurality of
dies comprises a geometry configured to puncture an inner
surface of the tubular.

8. The system of claim 1, wherein each of the plurality of
dies comprises:

amain portion, wherein the cutting portion extends radially

outward from the main portion relative to the central axis
of the downhole slot cutter; and

a plurality of die guides extending circumferentially out-

ward from the main portion relative to the central axis of
the downhole slot cutter, wherein the plurality of die
guides is configured to guide the respective die radially
outward and level relative to the central axis of the
downhole slot cutter.

9. The system of claim 1, wherein at least one of the
plurality of dies comprises a corresponding cutting portion
oriented vertically relative to the central axis of the downhole
slot cutter.

10. A system, comprising:

a downhole slot cutter;
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a housing of the downhole slot cutter configured to be
inserted into a tubular within a wellbore;

a plurality of dies supported by the housing, wherein the
plurality of dies is configured to extend radially outward
from the housing, wherein each of the plurality of dies
comprises a cutting portion having a smooth, semi-cir-
cular outer radial surface and a substantially constant
width, wherein the substantially constant width is gen-
erally perpendicular to a central axis of the housing; and

amandrel configured to extend into the housing and behind
the plurality of dies, wherein the mandrel comprises a
sloped outer surface such that translation of the mandrel
along the central axis of the housing forces the plurality
of dies radially outward.

11. The system of claim 10, comprising a hydraulic system
configured to axially displace the mandrel with a hydraulic
pressure.

12. The system of claim 11, wherein the hydraulic system
comprises a pump, a hydraulic intensifier, a hydraulic cylin-
der, or a combination thereof.

13. The system of claim 10, wherein the cutting portion of
each of the plurality of dies extends radially outward from a
respective opening in the housing.

14. The system of claim 13, wherein each of the plurality of
dies comprises:

amain portion, wherein the cutting portion extends radially
outward from the main portion relative to the central axis
of the housing; and

a plurality of die guides extending circumferentially out-
ward from the main portion relative to the central axis of
the housing, wherein the plurality of die guides is con-
figured to guide the respective die radially outward and
level relative to the central axis of the housing.

15. The system of claim 13, wherein the cutting portion of
each of the plurality of dies is oriented vertically relative to
the central axis of the housing.

16. The system of claim 10, wherein the mandrel is a
frustum.

17. A method, comprising:

positioning a tubular within a wellbore;

positioning a slot cutter within the tubular after the tubular
is positioned within the wellbore;

translating a mandrel with respect to a housing of the slot
cutter; and

forcing a plurality of dies radially outward from the hous-
ing and into the tubular with the mandrel to puncture the
tubular and create a plurality of slices of the tubular,
wherein each of the plurality of slices is attached to a
main body of the tubular at respective axial ends of each
of the plurality of slices, and each of the plurality of
slices defines openings on either side of the respective
slice.

18. The method of claim 17, wherein forcing the plurality
of dies into the tubular with the mandrel comprises punctur-
ing the tubular with a cutting portion of each of the plurality
of dies having a smooth, semi-circular outer radial surface,
wherein the cutting portion comprises a substantially con-
stant width, and wherein the substantially constant width is
generally perpendicular to a central axis of the slot cutter.

19. The method of claim 17, wherein forcing the plurality
of dies radially outward from the housing and into the tubular
with the mandrel comprises axially displacing the mandrel
with a pressurized hydraulic fluid.
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